A general procedure is described where an aryllithium, generated by metalation of a protected phenol with nbutyllithium, adds in a conjugate manner to diethyl ethoxymethylenemalonate to give after acid hydrolysis an oxygenated 3-carbethoxycoumarin. By this procedure the ethyl vinyl ethers 9, 11, 13, and 15 are converted into the corresponding coumarins 10, 12, 14, and 16 in a single reaction vessel in good yield. No. 14, 1979 regeneration of the free base gave minovine, mp 119-121 "C (lk3 mp 120-122 "C): MS (80 eV), m/e (re1 intensity) 124 (loo), 168 (7), 228 (4), 267 (7), 352 (55) M+.
The coumarin moiety is widely distributed in nature. Many natural products which contain this subunit exhibit such useful and diverse biological activity as antifungal,' anticoagulant,2 anti~pasmotic,~ anticholero~tatic,~ and molluscacide5 activity. In addition, other coumarins are of much interest as a result of their toxicity,6 carcinog e n i~i t y ,~ and photodynamic e f f e~t .~?~ In this paper a direct, efficient, and operationally convenient approach to the synthesis of oxygenated coumarins based on the Michael addition of aryllithiums to ethoxymethylenemalonates or ethoxymethyleneacetoacetates will be presented.
(1) D. P. Chakraborty, A. Das Gupta, and P. K. Bose, Ann. Biochen.
(2) R. B. Arora and C. N. Mathur, Br. J . Pharrnacol., 20, 29 (1963) ; (3) R. E. Willette and T. 0. Soine, J . Pharm. Sci., 51, 2, 149 (1962 Results and Discussion The approach described herein originated from our observation that methyl-and n-butyllithium add cleanly in a conjugate manner to ethyl ethoxymethyleneacetoacetate (eq 1). Since many aromatic compounds can be regioselectively metalated, we reasoned that a synthetic approach to the coumarin skeleton via Michael addition of aryllithium reagents followed by lactonization and elimination should be possible. This idea has been realized and is outlined in Scheme I. 
This method represents an important complement to the traditional von Pechmann synthesis'OJl which affords the isomeric coumarin as illustrated in eq 2. It is also more OH J. Org. Chem., Vol. 44, No. 14, 1979 2481
convenient than the Ihoevenagel synthesis of coumarins in that the necessity of preparing the requisite salicylaldehyde is eliminated. Since coumarin-3-carboxylic acids can be readily decarboxylated,12 our method is also applicable to the preparation of coumarins which are unsubstituted in the 3 position. Unexpectedly the selection of the phenol protecting group proved to be difficult. For example, the aryllithium 713 on reaction with diethyl ethoxymethylenemalonate gives cleanly the diether 8 which could not be demethylated to obtain the desired coumarin (eq 3). All at- After much experimentation the ethyl vinyl ether and the methoxymethLy1 protecting groups were found to be suitable. Both can be removed under mild hydrolytic conditions. This also affords added experimental convenience, since the transformation of 3 into 6 can be accomplished in a single reaction vessel! The reaction is simple to perform. The aryl ether is metalated with nbutyllithium at 0 "C in ether. To the aryllithium reagent is added an ethereal solution of diethyl ethoxymethylenemalonate. The reaction is very exothermic. After a few minutes the reaction is quenched with concentrated hydrochloric acid, foll.owed by vigorous stirring at room temperature for a couple of hours. Examples of coumarin synthesis utilizing our procedure are illustrated in Scheme 11.
(10) For a review of coumarin synthesis, see S. Wawzonek, Heterocycl.
(11) For a review on the con Pechmann reaction see S. Sethna and R. This coumarin synthesis provides an efficient and convergent synthetic route to a variety of oxygenated coumarins. The reaction proceeds under mild conditions with readily available starting materials.
Experimental Section
Melting points were taken on a Fisher-Johns melting point apparatus and are uncorrected. Boiling points are uncorrected. NMR spectra were determined on a Varian A-60 or Varian EM-360 spectrometer: chemical shifts are
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is obtained. After the solution was cooled in an ice slush bath, 30 mL of dimethyl sulfate was added. The green coloration disappears within a few minutes. After a few minutes the ice bath is removed and stirring is continued a t room temperature for an additional 7 h. The reaction mixture is extracted twice with ether, and the combined extracts are washed with brine, dried, and concentrated in vacuo. The crude product is chromatographed on silica gel (100 g) with hexane-ether, 311. The pure product is obtained as a colorless oil which crystallizes to a waxy solid (mp 33-34 "C) on storage in the refrigerator: yield of 17 4.3 g (82%); IR (film) 1680, 1600, 1465, 1375, 1100,770 cm-'; NMR (CDC13) 6 3.55 (9, 3 H) Preparation of 18 from 17. To a solution of 3.7 g (15 mmol) of 17 in 15 mL of ether, cooled in an ice slush bath, is added 20 mmol of butyllithium (as a solution in hexane). Stirring is continued a t 0 "C for 4 h. A precipitate forms. A t -20 "C a solution of 5 mL (25 mmol) of diethyl ethoxymethylenemalonate in 5 mL of ether is added and the precipitate dissolves immediately. The reaction is stirred an additional 15 min, 30 mL of tetrahydrofuran is added and the reaction is quenched with 5 mL of concentrated hydrochloric acid followed by stirring a t room temperature for 4 h. The workup involves dilution with methylene chloride, washing twice with brine, and drying and concentrating in vacuo. The crude product is chromatographed on silica gel
